Using approximate methods of nonperturbative quantizationà la Heisenberg and taking into account the interaction of gauge fields with quarks, we find regular solutions describing the following configurations: (i) a spinball consisting of two virtual quarks with opposite spins; (ii) a quantum monopole; (iii) a spinball-plus-quantum-monopole system; and (iv) a spinball-plus-quantum-dyon system. A comparison with quasi-particles obtained by lattice and phenomenological analytical calculations is carried out. All these objects (except the spinball) are embedded in a bag created by the quantum coset condensate consisting of the SU(3)/(SU(2) × U(1)) gauge fields. The existence of these objects is due to the Meissner effect, which implies that the SU(2) × U(1) gauge fields are expelled from the condensate. The physical interpretation of these solutions is proposed in two different forms: (i) an approximate glueball model; and (ii) quantum fluctuations in the coset condensate of the nonperturbative vacuum or in a quark-gluon plasma. For the spinball and the spinball-plus-quantum-monopole configuration, we obtain energy spectra, in which mass gaps are present. The process of deconfinement is discussed qualitatively. It is shown that the quantum chromodynamics constant ΛQCD appears in the nonperturbative quantizationà la Heisenberg as some constant controlling the correlation length of quantum fields in a spacelike direction.
I. INTRODUCTION
In quantum chromodynamics (QCD), there is a consensus that the structure of the QCD vacuum is much more complicated than that of quantum electrodynamics. It is generally believed that quantum fluctuations having the form of a monopole (a hedgehog) do exist in the QCD vacuum. But the radial magnetic field of a monopole in the QCD vacuum decreases asymptotically according to an exponential law, unlike the magnetic field of the 't Hooft-Polyakov monopole which decreases according to a power law. This is a crucial distinction, leading to the problem of obtaining a monopole with a magnetic field that decays exponentially at infinity (a hedgehog).
Here, we employ a nonperturbative quantization methodà la Heisenberg and its three-equation approximation for obtaining a set of equations describing a quantum monopole/dyon interacting with virtual quarks and having the required asymptotic behavior. We also show that in such system there exist solutions describing (i) virtual quarks (a spinball); (ii) a quantum monopole; (iii) a spinball-plus-quantum-monopole configuration; and (iv) a spinball-plusquantum-dyon system, and the configurations (ii)-(iv) are enclosed within a bag. Also, in the systems (ii)-(iv), there takes place the Meissner effect: color magnetic and electric fields are expelled by the condensate created by the SU(3)/(SU(2) × U(1)) gauge fields.
The three-equation approximation suggested by us is a gauge noninvariant approximation within which an infinite set of Dyson-Schwinger equations is cutted off to first three equations. The gauge noninvariance consists in that (i) we divide SU(3) degrees of freedom of a gauge field into SU(2) × U(1) and coset SU(3)/(SU(2) × U(1)) degrees of freedom and (ii) there appears a mass term µ 2 abµν in Eq. (5) for a massive SU(2) × U(1) gauge field. At the present time, there is a universally accepted point of view according to which the vacuum in gluodynamics and chromodynamics is described fairly well in the form of a dual superconductor. This idea was suggested by 't Hooft and Mandelstam in Ref. [1] . As of now, there is no any strict analytic proof of this assumption. Numerous lattice calculations provide support for that hypothesis (see, for example, Refs. [2, 3] ). In Refs. [4, 5] , the dual superconductivity of the ground state of SU(2) gauge theory is studied in connection with confinement. The investigation of the confining properties of the QCD vacuum of dynamical quarks has been carried out in Ref. [21] . The dual superconductivity model for confinement in QCD is discussed in detail in Ref. [7] . The progress in a gauge-invariant understanding of quark confinement based on the dual superconductivity in Yang-Mills theory is discussed in Ref. [8] .
In the present paper we study configurations consisting of a quantum monopole (or a dyon) and virtual quarks embedded in a condensate supported by the SU(3)/(SU(2) × U(1)) gauge fields. The condensate creates a bag within which a quantum monopole (or a dyon) is located. This means that we are dealing with the Meissner effect: the condensate [supported by the gauge coset fields A m µ ∈ SU(3) / (SU(2) × U(1))] expels the quantum dyon/monopole created by the A a µ ∈ SU(2) × U(1) ⊂ SU(3) fields. To describe such systems, we use the three-equation approximation of Ref. [9] when the right-hand sides of these equations contain sources in the form of a spinor (quark) field for which there is the corresponding nonlinear Dirac equation. The three-equation approximation is the practical realization of the nonperturbative quantization method suggested by W. Heisenberg in Ref. [10] . He used this approach to describe the properties of an electron employing some fundamental equation, which he suggested to be the nonlinear Dirac equation. Within this direction, the energy spectrum of spherically symmetric configurations has been obtained in Refs. [11, 12] , whose analysis showed the presence of a mass gap. Apparently, the mass gap was first obtained in the theoretical computations of Refs. [11, 12] .
The paper is organized as follows. In Sec. II we discuss quasi-particles in a quark-gluon plasma and show how solutions obtained in the subsequent sections can be related to quasi-particles. In Sec. III we present the threeequation approximation to describe the system consisting of virtual quarks, color non-Abelian gauge fields, and the condensate. In Sec. IV we choose the stationary ansatz to solve the equations of Sec. III, using which the corresponding complete set of equations is written down. For this set, we seek regular solutions describing three special cases where there present either only quarks (a spinball, Sec. IV A), or a color magnetic field and the condensate (a quantum monopole, Sec. IV B), or a color magnetic field, the condensate, and quarks (a spinball-plus-quantum-monopole system, Sec. IV C). Also, we obtain regular solutions for the general case where one has color electric and magnetic fields, the condensate, and quarks (a spinball-plus-quantum-dyon system, Sec. IV D). In Sec. V we find energy spectra for the spinball (Sec. V A) and for the spinball-plus-quantum-monopole system (Sec. V B), using which we show the existence of mass gaps for these spectra. In Sec. VI we give a qualitative discussion of the deconfinement mechanism for the spinball and for the spinball-plus-quantum-monopole system when the nonperturbative effects are taken into account. In Sec. VII we discuss the issue of the appearance of the constant Λ QCD in QCD from using the nonperturbative approachà la Heisenberg. Finally, in Sec. VIII, we summarize the obtained results and give a word about possible physical applications of the systems under consideration.
II. QUASI-PARTICLES IN A QUARK-GLUON PLASMA
Lattice [17] [18] [19] [20] [21] and analytical investigations [22] [23] [24] [25] [26] indicate that the quark-gluon plasma contains various quasiparticles: monopoles, dyons, binary bound states (quark-quark (qq), quark-antiquark (qq), gluon-gluon (gg), quarkgluon (qg), etc.). Analytical calculations are phenomenological and they do not provide a macroscopical description of such objects. In Ref. [25] , there is the following assessment of the state of this problem for a monopole: ". . . we do not have a microscopic description of these monopoles in terms of the gauge fields."
The purpose of the present paper is to get a microscopic description of possible quasi-particles in a quark-gluon plasma based on some approximation for an infinite set of Dyson-Schwinger equations for nonperturbative Green functions. Consistent with this, below we describe possible types of quasi-particles in a quark-gluon plasma considered in the literature, and for some of them we present the resulting characteristics which can be compared with the characteristics obtained in our investigations.
A. Magnetic monopoles
One of proofs of the existence of magnetic monopoles in a quark-gluon plasma is the calculation of the magnetic field flux created by such monopoles. Ref. [21] considers the behavior of the magnetic field flux Φ(r) as a function of distance from the center of a monopole,
where L is the effective length of the box and ξ is the magnetic screening length. By going to the continuous limit L → ∞, we get the following expression for the magnetic field flux:
In Sec. IV B the asymptotic expression (46) for the gauge field potential will be obtained, for which the corresponding radial component of color magnetic field is given by the expression
where the magnetic screening length l 0 is related to parameters of the system. Calculating this field flux through the sphere with the radius r, one can derive the expression (2). In Ref. [25] , the following indirect proof of the existence of monopoles is given: one calculates a semiclassical partition function that can be Poisson-rewritten into an identical "H" form. It is shown that it can be done for a pure gauge theory. After that point, it is argued that the resulting partition function can be interpreted as being generated by moving and rotating monopoles.
In Sec. IV B we obtain a solution that describes a "quantum monopole" with an exponentially decaying radial magnetic field that is needed in order to explain the lattice results.
B. Binary bound states
Another possible quasi-particles in a quark-gluon plasma are binary bound states which describe states of two particles: qq, qg, gg, etc. In Ref. [22] , it is noted that ". . . these bound states are very important for the thermodynamics of the QGP." It is pointed out in that paper that in order to describe such objects approximately, one can use either the Klein-Gordon equation, or the Dirac equation, or the Proca equation. The essence of the suggested approach consists in that these equations are employed to describe two particles, interacting so that they create a coupled pair. To describe the coupling potential, one uses lattice calculations, based on which the analytical approximate expression for the potential is suggested.
In Sec. IV A we obtain a solution describing two quarks in a virtual state. This means that the quantum average of the corresponding spinor is zero,
but the dispersion of such quantum state is nonzero. Physically, this means that the obtained solution describes a quantum object for which the average of field is zero but there exist quantum fluctuations whose dispersion differs from zero in some region. We assume that this solution microscopically and approximately describes the binary bound statewhere we neglect the distance between quarks and for which the orbital quantum number is zero.
III. THREE-EQUATION APPROXIMATION WITH QUARKS
Three-equation approximation has the following form (for a detailed discussion, see Ref. [9] ):
where i, j = {red, green, blue} are the color indices of quarks; α, β are the spinor indices of quarks; g is the coupling constant; m q is the quark mass; D ν is the gauge derivative of the subgroup SU(2) × U(1); m 2 abµν , µ 2 abµν , and 
where . . . denotes the quantum average over some nonperturbative quantum state; a is the index of the SU (2) × U (1) ⊂ SU (3) subgroup; λ B are the Gell-Mann matrices; B = 1, 2, . . . , 8 is the index of the SU(3) group. The dispersions of the quantities in Eqs. (8) and (9) are defined in Sec. VII by the formulae (78) and (79). The notion of the nonperturbative quantum state is discussed in detail in Ref. [13] .
The left-hand side of Eq. (6) is derived in analogy with obtaining this equation with zero right-hand side in Ref. [9] :
Using the method developed in [9] , one then can obtain Eq. (6).
To estimate the right-hand sides of Eqs. (5)- (7), we use approximations according to which
Here ζ is the spinor describing the dispersion (12) of the quantum fieldψ which has a zero average value (11) . In this sense we consider virtual quarks for which the quantum average ofψ is equal to zero. The relation (13), using Eq. (9), is of most interest. Let us consider the Green function (13) in more detail:
Here α, β, γ are the spinor indices and i, j, k = 1, 2, 3 (or i, j, k = {red, green, blue}) are the quark indices. One of our main purposes is to obtain an approximate expression for the Green function G αβij . This function has the indices α, β and i, j, and, hence, our approximation must also have the same indices. For this purpose, we will use the dispersion of the spinor field ζ α and the dispersion of the coset gauge field φ. One can construct several different variants to approximate the Green function G αβij from (14) . The following approximation will be the simplest one:
Here Λ 1,2 are some numerical coefficients. The approximation (15) is substituted into Eq. (7); cancellingζ αi (y), we obtain the nonlinear Dirac equation (19) for ζ. The approximation (16) is substituted into the right-hand side of Eq. (6); cancelling φ(y), we obtain Eq. (18) for the condensate φ. Physically, this approximation means that the Green function G αβij , describing the correlation between quantum fluctuations of the fieldsÂ m µ andψ, depends on the dispersions of quantum fluctuations of the fieldÂ m µ and the quark fieldψ. Hence, using the above approximations, Eqs. (5)- (7) take the final form
IV. QUANTUM DYON PLUS VIRTUAL QUARKS
We seek a solution of Eqs. (17)- (19) in the following form:
Here ǫ iaj is the completely antisymmetric Levi-Civita symbol; a = 1, 2, 3; i, j = 1, 2, 3 are the spacetime indices; the functions u and v depend on the radial coordinate r only; the ansatz (25) is taken from Refs. [15, 16] . After substituting the expressions (20)- (25) into Eqs. (17)- (19), we obtain the equations
In these equations, the following dimensionless variables are used:g 2 = g 2 c is the dimensionless coupling constant for the SU(3) gauge field; x = r/r 0 , where r 0 is a constant corresponding to the characteristic size of the system under consideration (in Sec. VII we will show that this parameter is related to the constant
. In order that these equations would be Euler-Lagrange equations it is necessary to choose the following values of the dimensionless constants: Λ 1 = 2m 2 Λ, Λ 2 = Λ/4. Then the dimensionless effective Lagrangian for this set of equations is as follows:
Next, by definition, the energy density of the Dirac field is
where the dot denotes differentiation with respect to time. The Lagrangian of the Dirac field L Deff appearing here is given by the expression from (31),
which is obtained using Eqs. (29) and (30). Then, using the ansatz (25), the energy density of the spinor field (32) can be found in the formǫ
As a result, we get the following total energy density of the system:
where the arbitrary constantǫ ∞ corresponding to the energy density at infinity has been also introduced.
A. Spinball
Solving the complete set of equations (26)-(30) runs into great difficulty, and hence we start from considering the simplest problem without the color fields. In doing so, we assume that two virtual quarks are located at the center. Such a consideration enables one to simplify a mathematical study of the system: it allows using the ansatz employed in describing the quantum state of an electron in a hydrogen atom. Otherwise, it would be necessary to solve a problem analogous to that which occurs in describing the quantum state of two separated electrons in a helium atom.
For such a system, there are only Eqs. (29) and (30), in which we must take f (x) = 1 andξ =M . The resulting equations are thenṽ
Here, we have introduced new dimensionless variablesx =m q x,Ē =Ẽ/m q , andΛ = m 2m qMΛ . Regular solutions to Eqs. (36) and (37) can be used in describing a spinball -a finite-size system consisting of two virtual quarks with opposite spins and a zero distance between them. In the neighborhood of the center of such a spinball, solutions are sought in the formũ =ũ 1x +ũ
Eqs. (36) and (37) are solved numerically as a nonlinear problem for the eigenvalueĒ (orũ 1 ) and the eigenfunctions v(x) andũ(x). An example of a typical solution is shown in Fig. 1 , with the asymptotic behavior
whereũ ∞ andṽ ∞ are integration constants. The dimensionless energy density of the spinball under consideration can be found from Eq. (35) in the form
The corresponding graph is shown in Fig. 2 for the values of the parameters of the system given in caption to Fig. 1 . Note that here and in Secs. IV B, IV C, and IV D we setǫ ∞ = 0. 
B. Quantum monopole
In this section we consider one more simplified configuration -the quantum monopole [14] . In doing so, we will use Eqs. (26) and (28) with the color gauge field (i.e., when f (x) = 1) and without quarks (i.e., whenṽ(x) =ũ(x) = 0):
We seek solutions in the neighborhood of the center in the form
where the expansion coefficient f 2 is arbitrary andξ 2 =λξ 0 (ξ 2 0 −M 2 )/3. Using these boundary conditions, Eqs. (42) and (43) are solved as a nonlinear problem for the eigenvaluesM ,μ and the eigenfunctionsξ(x), f (x). The results of numerical calculations are given in Fig. 3 . The corresponding asymptotic behavior of these solutions is as follows: whereξ ∞ , f ∞ are integration constants. The obtained solutions describe a quantum monopole placed in the coset condensate, and such a quantum monopole is expelled from the condensate due to the Meissner effect.
The radial color magnetic field is defined as follows:
Its asymptotic behavior is
Calculating the flux of this field and comparing its with the expression (2), it is seen that the magnetic screening length ξ is related to the microscopic parameters of the system m,M ,μ as follows:
Here we have identified the undetermined parameter r 0 with Λ QCD (as it will be explained in Sec. VII) . The dimensionless energy density of the quantum monopole can be found from Eq. (35) in the form
The corresponding graph is shown in Fig. 4 for the values of the parameters of the system given in caption to Fig. 3 . Consider now the physical meaning of the parameter f 2 . Using Eq. (44), for the radial magnetic field H a r in the neighbourhood of the origin, one can findH
Hence f 2 gives the magnitude of the magnetic field at the center of the quantum monopole.
C. Spinball plus a quantum monopole
In this section we consider a solution of the set of equations
These equations describe a system consisting of a quantum monopole, two virtual quarks, an extra color magnetic field created by them, and the condensate. Because of the Meissner effect, the magnetic field is expelled by the condensate creating the quantum monopole (hedgehog). The color magnetic field is produced both by the quantum monopole and by the virtual quarks. In such a configuration the virtual quarks are located at an infinitely small distance from each other that, as in Sec. IV A, enables one to use for their modeling the ansatz employed in describing an electron in a hydrogen atom. As x → 0, the solution of the above set of equations can be presented in the form of the following expansions:
v =ṽ 
where f ∞ ,ξ ∞ ,ṽ ∞ , andũ ∞ are integration constants. The corresponding distributions of different components of the color magnetic field are shown in Fig. 6 . The dimensionless energy density of the system in question can be obtained from (35) in the form
When one chooses, for instance, f 2 = −20 andẼ = 0.8, and also uses the same values of the free parameters as those for the system from Sec. IV B (see in caption to Fig. 3 ), its graph practically coincides with that of the energy density of the quantum monopole shown in Fig. 4 .
D. Spinball plus a quantum dyon
Here, we consider the complete set of equations (26)- (30) describing a quantum system with color electric and magnetic fields (a quantum dyon) plus quarks. Similarly to the previous sections, we seek a solution of these equations as x → 0 in the following form: 
As before, Eqs. (26)- (30) are solved numerically as a nonlinear problem for the eigenvaluesμ,M ,Ẽ and the eigenfunctions f (x),χ,ξ(x),ṽ(x),ũ(x). Examples of the corresponding solutions are given in Figs. 7 and 8. Their asymptotic behavior as x → ∞ is as follows:
Here f ∞ ,χ ∞ , Q,ξ ∞ ,ṽ ∞ , andũ ∞ are some constants. The corresponding distributions of different components of the color magnetic and electric fields are shown in Fig. 9 . The energy density of the quantum dyon embedded in the condensate is given by the expression (35), and its graph practically coincides with that of the energy density of the quantum monopole shown in Fig. 4 (for the same values of the free parameters).
It must be emphasized here that there is a crucial difference between asymptotic behaviors of the color magnetic and electric fields (see Eq. (68) and Fig. 9 ): the magnetic field decreases according to an exponential law and the electric field -according to a power law (the Coulomb law).
V. MASS GAP IN THE NONPERTURBATIVE QUANTIZATIONÀ LA HEISENBERG
In this section we consider energy spectra of two systems (spinball and spinball-plus-quantum-monopole ones) and show the existence of mass gaps in them. 
A. Mass gap for the spinball
Let us calculate an energy spectrum of the spinball described by Eqs. (36) and (37). In these equations, there is only one parameter,Ē, giving the energy. Two remaining parameters (Λ andg) are the constants of the theory, and they cannot change. Solving these equations for different values of the parameterĒ, we get the data given in Table I . Figs. 10 and 11 show the families of the corresponding solutions for the functionsṽ(x) andũ(x). The dimensionless energy density for the spinball under consideration has the following form:
The corresponding profiles ofǭ(x) are shown in Fig. 12 . The numerical analysis indicates that asĒ → 1 the maximum of the energy density is located atx = 0 and goes to 0 (see Fig. 12 ), and the linear size of the configuration becomes infinitely large. In this case, according to the numerical calculations, the total energy of the spinball (71) tends to infinity. In turn, asĒ → 0, it seems that the maximum of the energy density goes to infinity, and the location of the maximum along the radius shifts to infinity as well. This is also approved by the results of numerical calculations of the total energy (71) given in Fig. 15 . Using Eq. (70), the total dimensionless energyW t of the system under consideration can be calculated as
The dependenciesũ 1 (Ē) andW t (Ē) are given in Figs. 14 and 15. It is seen from Fig. 15 that at some value of the parameterĒ there exists a minimum value of the total energyW t . This corresponds to the presence of the mass gap ∆ for the spinball in question. Apparently, a mass gap was first found for the nonlinear Dirac equation (19) (without the condensate φ) in Refs. [11, 12] (in the terminology of the authors, that was "the lightest stable particle").
B. Mass gap for the spinball-plus-quantum-monopole system
Consider now more realistic case of the spinball-plus-quantum-monopole system. This is a ball filled with spinor and color magnetic fields embedded in the condensate. Its structure is described by Eqs. (52)-(55), using which, in Sec. IV C we have constructed the corresponding regular solutions. Here, we find the energy spectrum of such system and show the presence of the mass gap. Using the expression for the dimensionless energy densityǫ from Eq. (62), the dimensionless total energy of the system in question is calculated asW Solving the set of equations (52)- (55) 
where r 0 is of the order of Λ QCD , as it is explained in Sec. VII. Notice here the following important features of the system under consideration:
• The numerical analysis indicates that asẼ → 1 the total energyW t → +∞.
• Regular solutions to Eqs. (52)-(55) exist not for all pairs f 2 ,Ẽ . It is seen from Fig. 16 that for some fixed f 2 there exists a critical valueẼ cr at which the solution still exists but no solutions are found forẼ <Ẽ cr .
• The determination of the asymptotic behavior ofW t asẼ →Ẽ cr offers formidable computing difficulties. According to the numerical studies, we can assert rather confidently that in the limitẼ →Ẽ cr the value of the total energyW t (at fixed f 2 = const.) does not, at least, decrease, i.e., its boundary value goes either to +∞ or to some constant value depending on f 2 only. As an example, Fig. 19 shows the profile of the total energy for f 2 = −5. It confirms that asymptotically, asẼ → 1, the total energy diverges. Similar behavior of the total energy is also possible as f 2 → f 2,cr .
Hence, one can see from the above that regular solutions to the set of equations (52)-(55) in the f 2 ,Ẽ plane do exist in the region restricted by the lineẼ → 1 and the critical curveẼ cr =Ẽ cr (f 2 ) (shown in Fig. 16 ).
VI. DECONFINEMENT
In this section we give a qualitative discussion of the deconfinement mechanism when one takes into account the nonperturbative effects.
A. Spinball
Based on the results concerning the spinball energy spectrum obtained in Sec. V A, it is possible to propose the following deconfinement mechanism. As is seen from Fig. 15 , the energy of the spinball can be arbitrarily large. This results in the fact that with rising temperature the average energy of the spinball will increase. The typical size of the spinball for the right-hand branch of the energy spectrum, according to the asymptotic expressions (40), is defined as follows:
It is seen from Fig. 15 that on the right-hand branch of the energy spectrumW tĒ
→1
− −− → ∞. Thus, with rising temperature, the typical size of the spinball on the right-hand branch will tend to infinity.
In turn, the typical size of the spinballx 2 for the left-hand branch of the energy spectrum is defined as the location of maxima of the energy density given in Fig. 12 . The corresponding behavior ofx 1,2 as functions ofĒ is shown in Fig. 13 .
Given the spinball density n s , the typical distance between spinballs is defined as follows:
Atx 1,2 ≈ l s the spinball solution of Sec. IV A becomes incorrect. In this case quarks would not already be confined in a restricted region, and one has to consider another solution for the quarks. Thus, one may suppose that quark deconfinement takes place at
Here, the typical size of the spinball depends on the temperature T . Notice that since in general casex 1 =x 2 , deconfinement for the left-and right-hand sides of the energy spectrum will occur at different temperatures. This means that the transition from the confinement phase to the full deconfinement phase may happen in two stages. On the first stage, deconfinement occurs either for the left-hand branch or for the right-hand branch, and then deconfinement occurs for another branch of the energy spectrum.
B. Spinball plus quantum monopole
The same process will also take place for the spinball-plus-quantum-monopole configuration. According to the results obtained in Sec. V B for the dependence of the total energy of the spinball-plus-quantum-monopole system on the parameters f 2 andẼ, the energy of such an object may also be infinite (see . In this case the typical size of the configuration is determined by the asymptotic formulae (60) and (61). One might expect that a qualitative behavior of characteristic sizes of such configurations would be similar to that of the pure spinball considered above. But this issue requires additional study that we intend to address in future work. nonperturbative quantizationà la Heisenberg one can obtain an infinitely long flux tube [14] . The obtaining a finitelength flux tube runs into great difficulty, since in this case one has to solve a nonlinear eigenvalue problem for a set of partial differential equations.
Thus, the following results have been obtained:
• The energy spectra for the spinball and for the spinball-plus-quantum-monopole system. It was shown that they possess the mass gaps.
• Within the framework of the three-equation approximation, solutions describing virtual quarks and gauge fields in a bag have been found.
• It was shown that the bags are created due to the Meissner effect, when the coset condensate expels the gauge fields.
• For the quantum-monopole/dyon systems, it was shown that color magnetic and electric fields decrease asymptotically according to exponential and power laws, respectively.
• A comparison of some solutions obtained within the framework of the given approximation with lattice and phenomenological approximate calculations has been carried out.
• The qualitative deconfinement model has been suggested, according to which at some temperature a characteristic size of a spinball or of a spinball-plus-quantum-monopole configuration becomes comparable to a characteristic distance between them.
• It was shown that the QCD constant Λ QCD appears in the nonperturbative quantizationà la Heisenberg as some constant controlling the correlation length of quantum fields in a spacelike direction.
• The nonlinear Dirac equation has been used as an approximate description of an infinite set of equations for all Green functions of the spinor equation.
It is interesting to note that in the 1950's the mass gap has in fact been found in Refs. [11, 12] in solving the nonlinear Dirac equation. However, the authors did not use such term, but said of "the lightest stable particle". Those papers were devoted to study of the nonlinear Dirac equation, and W. Heisenberg offered to use it as a fundamental equation in describing the properties of an electron. In our case, we employ that equation in describing the dispersion ψψ of the quark field and the correlation ψÂm µψ between the spinor and gauge fields having a zero quantum average: ψ = 0 and Â m µ = 0. To the best of our knowledge, the mass gap was first obtained in Refs. [11, 12] . Also, note that the parameters m 2 abµν , µ 2 abµν , and m 2 φ abµν are similar to the closure parameters known in turbulence modeling as the parameters appearing when one cuts off an infinite set of equations coming from the Navier-Stokes equation in stochastic averaging [27] .
In conclusion, we emphasise that the calculations performed here are only valid for a stationary case.
